13 C NMR measurements have been performed to investigate magnetic properties of the nonmagnetic insulating phase in a quasi-two dimensional organic conductor λ-(STF)2GaCl4, which is situated between an antiferromagnetic (AF) phase and a superconducting phase, where the lattice system is combination of triangular and square tilings. We found development of AF spin fluctuations with decreasing temperature, which supports that the AF spin fluctuations are related to a superconducting pairing mechanism. Regardless of large enhancement of spin-lattice relaxation rate 1/T1 below 10 K, no long-range magnetic ordering was observed down to 1.63 K two orders of magnitude less than the exchange interaction J/kB 194 K. Moreover, 1/T1 saturated below 3.5 K. These results are in stark contrast to observed behaviors so far in other non-magnetic ground states discussed in terms of quantum spin liquids, suggesting a novel quantum state is realized. We consider geometrical frustration, disorder, and a quantum critical point between the AF phase and the spin gap phase pictures to describe the non-magnetic ground state. * sai10@phys.sci.hokudai.ac.jp
I. INTRODUCTION
Strong quantum fluctuations give birth to novel ground states and low-lying energy excitation, so called quantum critical phenomena realized near a quantum critical point (QCP) or in quantum spin liquids 1-6 . Strong spin fluctuations near a QCP are regarded as a key to clarify the unconventional superconducting (SC) pairing mechanism 7, 8 . Furthermore, a SC phase adjacent to a spin liquid phase may have an exotic SC mechanism like Amperean or spin-triplet pairing 9, 10 .
Therefore, investigating quantum critical phenomena is one of the intriguing topics in solid state physics unveiling not only the quantum state itself but also the nature of the unconventional SC pairing mechanism. Recently, it is found that an organicmolecular solid λ-(STF) 2 GaCl 4 [STF: unsymmetricalbis(ethylenedithio)diselenadithiafulvalene] exhibits no magnetic ordering in spite of large exchange interaction where λ-(STF) 2 GaCl 4 bridges between a magnetic ordered phase and a SC phase 11 . Hence, this material would be a suitable candidate to investigate the quantum state as one of the tuning points between the phases.
Quasi-two dimensional organic conductor λ-D 2 GaCl 4 has attracted much attention because of unconventional superconductivity, where lattice structure is combination of triangular and square tilings 12, 13 . Here D is a donor molecule as bis(ethylenedithio)tetrathiafulvalene (ET), STF, and bis(ethylenedithio)tetraselenafulvalene (BETS) as shown in Fig.1(a-c) 14 . λ-(BETS) 2 GaCl 4 exhibits a SC transition at approximately 5 K where the SC gap structure might be mixture of s and d x 2 −y 2 waves 13, 15 . Moreover, it is suggested that a FFLO state emerges when a magnetic field is applied parallel to the conducting plane 16, 17 . Previous studies suggested the physical properties of λ-D 2 GaCl 4 were understood by the general pressure-temperature phase di- agram as shown in Fig. 2 11, 18, 19 . The most insulating salt λ-(ET) 2 GaCl 4 shows AF ordering at T N = 13 K 19 , however, the magnetic susceptibility measurement of λ-(STF) 2 GaCl 4 , which is situated between the AF insulator λ-(ET) 2 GaCl 4 and the superconductor λ-(BETS) 2 GaCl 4 shows no magnetic ordering down to 2 K two orders of magnitude less than the exchange interaction 11 , suggesting possibility of a pressure-induced spin liquid candidate. Mechanisms of organic spin liquid candidates have been discussed such as geometrical frustration, disorder, quantum proton fluctuations [20] [21] [22] [23] [24] [25] [26] . In general, a SC phase in organic conductors appears adjacent to a long-range ordered phase and the relation arXiv:1910.09963v1 [cond-mat.str-el] 22 Oct 2019
(D = ET, STF, and BETS). ET, STF, and BETS are also often called BEDT-TTF, us-BEDT-STF, and BEDT-TSF respectively. Tc, TMI, and TN represent the superconducting transition temperature, the metal-insulator transition temperature, and the Néel temperature, respectively. The data are taken from Refs. 11,12,18 . between AF spin or charge fluctuations and the SC mechanism is considered important [27] [28] [29] [30] . Therefore, the magnetic properties of λ-(STF) 2 GaCl 4 is of significant research interest for discussing the nature of the ground state and the unconventional superconductivity. NMR is a microscopic probe that measures the static and dynamic magnetic properties. The local spin susceptibility can be determined from the Knight shift K, and magnetic fluctuations are also obtained from the spinlattice relaxation rate 1/T 1 . To investigate detailed magnetic properties of λ salts, we performed site-selective 13 C NMR in λ-(STF) 2 GaCl 4 where the selected 13 C sites are the best nuclei to investigate the electronic state 31 .
II. EXPERIMENTAL
Single crystals of λ-(STF) 2 GaCl 4 were prepared from the electrochemical oxidation of STF in chlorobenzene in the presence of tetra-n-butylammonium (TBA) GaCl 4 32 . STF was synthesized according to a literature 32 . To avoid NMR spectrum splitting due to dipolar coupling 33 , S side of central C=C bond in STF molecules was enriched with 13 C isotope 31 . NMR experiments were performed for a single crystal in a magnetic field of 6 T for spectrum measurements and 7 T for spin-lattice relaxation rate 1/T 1 and spin-spin relaxation rate 1/T 2 . The orientation of the magnetic field θ was defined by angle from the magnetic field parallel to the [110] direction which is nearly parallel to a long axis of a STF molecule to the −b (≡ −c × a) axis. NMR spectra were obtained by the fast Fourier transformation of the spin echo signal with a π/2−π pulse sequence. The NMR shifts are given in ppm which is relative to tetramethylsilane (TMS). 1/T 1 was measured using the conventional saturation-recovery method. The linewidths were evaluated by fitting peaks to the Lorentz function and 1/T 2 was defined as the rate corresponding to Lorentz decay. DC resistivity was measured along the c axis from room temperature down to 79 K by the standard four-point probe technique.
III. RESULTS
A. NMR spcetra, linewidth and spin susceptibility λ salts have two crystallographically independent donor molecules A (A') and B (B'), where A (B) and A' (B') molecules are associated with inversion symmetry, because the crystal structure belongs to P 1. Since each molecule has two central carbon sites, so called inner and outer sites 34 , four resonance lines are expected. Figure 3 shows NMR spectra at several temperatures for magnetic field 6 T applied to θ = 0 • (almost parallel to a long axis of a STF molecule) and 44.7 • . A broad peak with unsymmetrical line shape was observed at both angles, suggesting that expected four peaks were merged to one broad peak. The NMR shift for H parallel to 45 • decreased with decreasing temperature, whereas the NMR shift for H parallel to 0 • increased, indicating each hyperfine coupling constant has the opposite sign. The hyperfine coupling constants were estimated as A 45 • = 2.1 kOe/µ B and A 0 • = 0.46 kOe/µ B by angle dependence of NMR shift (see Appendix). Since there was no clear peak splitting down to the lowest temperature, there is no indication of emergence of internal field due to long-range magnetic ordering consistent with magnetic susceptibility measurements 11 . Figure 4 shows temperature dependence of the full width at half maximum (FWHM) of the NMR lines. As lowering temperature, NMR spectra broadened gradually. Below 40 K, further broadening was observed. For Fourier transform NMR, the linewidth ∆ω of the spectrum is generally described as
where γ I is the nuclear gyromagnetic ratio and ∆H is the inhomogeneity of the local magnetic field at the corresponding nuclei. The first term is inhomogeneous width caused by slow magnetic fluctuations, and the second term is a static inhomogeneous width caused by the inhomogeneity of the external and local magnetic field. 1/T 2 can detect the slow magnetic fluctuations of 10 kHz. The NMR linewidth broadens below 40 K, whereas 1/T 2 remains constant at all temperatures as shown in the inset of Fig.4 , indicating that the broadening originates not from dynamics but from inhomogeneous broadening. Figure 5 shows temperature dependence of spin susceptibility χ SQUID and χ NMR obtained by SQUID 11 and NMR measurements for θ = 44.7 • . Here, the core diamagnetic contribution of the SQUID measurement is reestimated to be −4.82 × 10 −4 emu/mol f.u. and already subtracted. The solid curve shows the fit of the high-temperature series expansion of a spin S=1/2 twodimensional AF Heisenberg model on the triangular lattice using [7/7] Padé approximants 35 , where the exchange interaction is 194 K, the effective moment is 0.97 µ B , and g is 2.0104 obtained by electron spin resonance. Both susceptibility χ s showed similar behavior at high temperature, however, χ NMR deviated from χ SQUID below 40 K and decreased more than χ SQUID . The similar trend of χ NMR was also confirmed by the results of θ = 0 • (not shown).
B. Nuclear spin-lattice relaxation rate 1/T1
1/T 1 detects low-energy excitation of electronic states and 1/T 1 T is useful to discuss dynamic property of magnetism because 1/T 1 T is proportional to the imaginary part of the dynamic susceptibility q χ (q, w)/w at wave vector q and NMR frequency w. Figure 6 shows (a) 1/T 1 and (b) 1/T 1 T as a function of temperature. T 1 was evaluated from the single-stretched-exponential recovery,
is the nuclear magnetization, and M 0 is a saturated value of M (t). β represents homogeneity of 1/T 1 and deviation from 1 indicates inhomogeneity of 1/T 1 . 1/T 1 is almost constant from 100 to 20 K, as expected in a localized spin system well above the Néel temperature, where β is almost 1. Slight deviation of β from 1 is due to multiple components of merged NMR spectra. Below 10 K, 1/T 1 shows anomalous increase, indicating critical slowing down toward a magnetic transition. β started to decrease below 10 K, which suggests distribution of 1/T 1 . Temperature dependence of 1/T 1 and 1/T 1 T above 4.2 K followed the equation expected above critical temperature T c in an AF Below 3.5 K, 1/T 1 was saturated and decreased slightly at lowest temperature. 1/T 1 T increased with decreasing temperature which is characteristic of development of AF spin fluctuations. No divergence peak in both 1/T 1 and 1/T 1 T indicates absence of long-range magnetic ordering which is consistent with no peak splitting of NMR spectra in contrast to λ-(ET) 2 GaCl 4 .
IV. DISCUSSION

A. Dimer-Mott insulator model on λ-type salts
Here, we consider the electronic structure of λ salts to clarify the origin of AF spin fluctuations. Band calculations show the upper two and lower two bands with the energy gap due to the dimerization in λ salts 12, 13, 18 . Because GaCl −1 4 is a monovalent anion and the formal charge of a donor molecule is +0.5, the lower two bands are filled and the upper two bands are half-filled. Hence, the electronic system is regarded as the half-filled system, so-called the dimer-Mott system as established in λ-(ET) 2 GaCl 4 . On a dimer-Mott system, the electronic system shows insulating behavior due to on-site Coulomb repulsion U and AF fluctuations from the exchange interaction J is expected.
J was evaluated from 1/T 1 , using Moriya's expression 36 . 1/T 1 of antiferromagnets at sufficiently high temperature is expressed as
where
Here γ N is the gyromagnetic ratio of the 13 C nuclei, and z is the number of nearest-neighbor spins. The a d and B d are isotropic and anisotropic parts of the hyperfine coupling constant. We assumed (a d ) 2 + (B d ) 2 = 2.9 kOe/µ B which is typical value in the dimer in κ and β salt which have the similar overlapping mode 34 . From 1/T 1 = 24 s −1 which is constant in the high-temperature region, J/k B was estimated to be 215 K for the square lattice (z = 4) and 176 K for the triangular lattice (z = 6), order of which is in good agreement with J/k B = 194 K from static magnetic susceptibility fit by the AF Heisenberg model on the triangular lattice. The development of AF spin fluctuations is consistent with the dimer-Mott insulating picture which localized spins on dimers fluctuating with J. The qualitative similarity to 1/T 1 above T N = 13 K of λ-(ET) 2 GaCl 4 indicates the origin of AF spin fluctuations is the same for both salts.
B. Absence of magnetic ordering
It is remarkable that long-range magnetic ordering is not observed at T < 0.01J even though 1/T 1 shows critical slowing down. Absence of a cusp structure in 1/T 1 indicates spin freezing which is usually seen in a spin glass state is unlikely to describe the results. However, below 40 K, further linewidth broadening occurs and χ NMR deviates from χ SQUID . Linewidth broadens toward opposite sign direction of the hyperfine coupling constant for both θ = 45 • and 0 • where the spectrum tail exceeds chemical shift of 74.6 ppm and 115.4 ppm for θ =45 • and 0 • , respectively. These results suggest staggered moments are partly induced at low temperature. This may be simply because impurities induce staggered moments. The deviation between χ SQUID and χ NMR can be also explained by the impurity. Since NMR is a local magnetic probe, NMR can detect spin susceptibility without impurity effect unlike SQUID measurements. However, χ SQUID does not show significant Curie components at low temperature, suggesting impurity effect is not obvious. occur even above T N because of the field-induced moment in the short-range ordered spins by DM interaction. Recently, the importance of spin-orbit coupling (SOC) effect in organic conductors is suggested 39 . SOC introduces DM vectors where SOC of Se atoms is about five times greater than that of S atoms 39 . Because λ-(ET) 2 GaCl 4 shows no significant line broadening above T N , the deviation of χ NMR and linewidth broadening below 40 K may be explained by the strength of SOC.
Deviation of 1/T 1 from the relation 1/T 1 ∝ (T − T c ) −1/2 and absence of magnetic ordering suggest some sort of quantum spin state suppresses long-range magnetic ordering. From the results that magnetic susceptibility can be fit by the two-dimensional triangular lattice Heisenberg AF model, possibility of spin frustration was suggested 11 . Here we consider geometrical frustration using band calculations of the λ-BETS salt 12, 13 . Figure 7 shows the dimer network of λ salts consisting of transfer integrals. The ratios of the transfer integrals obtained by first principle calculation are |t b /t ⊥ | = 0.96, |t c /t ⊥ | = 1.01, |t s /t ⊥ | = 0.6 13 . Because the diagonal transfer integralt t in the upper lattice is about 0.1t ⊥ which corresponds to 0.01J ⊥ using relation J ∝ t 2 /U , upper lattices are regarded as almost square type. Here the difference betweent s andt t is due to positional displacement along the long axis of the donor molecule: difference of the distance between the outer site is about 1.9Å. On the other hand, the extended Hückel calulation shows |t b /t ⊥ | = 1.23, |t c /t ⊥ | = 0.72, |t s /t ⊥ | = 0.6, and |t t /t ⊥ | = 0.05 12 , where the square lattices are anisotropic. Both calculations indicate λ salts consist of stripe lattices of square and triangular tilings. In principle, square lattices have no frustration without diagonal exchange interactions, though, the triangular lattice systems show a non-magnetic phase depending on the ratio of transfer integrals. Although λ-(ET) 2 GaCl 4 shows square nature as the magnetic susceptibility is fit by the Heisenberg AF model on the square lattice 19 , triangular nature appears by changing ET molecules to STF molecules. Therefore, the combination lattice system can have frustration. However, geometrical frustration of λ salts may not be strong to realize a spin liquid phase, since a similar lattice system the Shastry-Sutherland lattice model that has diagonal exchange interactions shows valence bond solid states 40 . Actually, in organic spin liquid candidates, 1/T 1 shows power-law behavior at low temperatures 22, 41, 42 . Our observation, the increase of 1/T 1 at low temperature is qualitatively different from low-temperature behavior in the frustrated spin systems. These results do not support the ideal geometrical frustration picture strongly. Then we have to focus on other possibility.
The inhomogeneity would play an important role for absence of magnetic ordering as disorder induces a nonmagnetic Mott-Anderson state [43] [44] [45] or a random spin singlet state in frustrated spin systems 21, 46 . In general, increase of linewidth in strongly-correlated electrons systems, for example, λ-(ET) 2 GaCl 4 19 and β -(ET) 2 ICl 2 47 salts, are not striking except near transition temperature because an electron localizes on a dimer. However, linewidth of λ-(STF) 2 GaCl 4 broadens gradually from high temperature. This linewidth broadening is due to static inhomogeneity since 1/T 2 is constant at whole temperature range. Indeed, the linewidth ratio |ν 45 • /ν 0 • | is from 2.4 to 4.1 above 40 K where natural line width of 2 kHz is already subtracted, which is close to the ratio of the hyperfine coupling constant |A 45 • /A 0 • | = 4.5. Thus, the linewidth broadening is related to the hyperfine coupling constant, suggesting that the spin density on molecules is inhomogeneous. In other words, ∆K = A∆χ. Disorder or randomness is a source of localization in strongly correlated electron systems. In this case, conduction electrons localize by impurity scattering to form a Mott-Anderson insulator. Contrary to a Mott insulator, a charge gap is filled by randomness and the charge gap appears only at Fermi energy called a soft gap. It is expected that such an inhomogeneous state affects resistivity. Figure 8 shows temperature dependence of resistivity for the c axis with fitting curves. Fit was performed in 85 K -125 K using the following equations: the Arrhenius law, the variable-range-hopping model for two dimension, and the Efros and Shklovskii (ES) model, and the soft Hubbard (SH) gap model where the SH model takes short-range Coulomb interaction into account proposed by Shinaoka and Imada 48 , where models except the Arrhenius law are usually applied in disordered systems. Below 100 K, all models fit well with experimental results. However, Arrhenius, ES, and 2D-VRH models deviate above 100 K whereas the SH model covers wide temperature range even though high temperature is not included in the fitting range. The better fit result of the SH model suggests that the electronic state is inhomoge-neous, which is consistent with NMR results. The inhomogeneity may be attributed to the charge distribution because the charge distribution gives rise to the inhomogeneity of the spin density on conducting layers. Because two non-equivalent molecules A and B form a dimer in the case of the λ salts as shown in Fig. 1(c) , charge distribution can be caused. Since λ-(ET) 2 GaCl 4 does not show significant line broadening above T N , donor molecular structure may affect the emergence of the charge distribution. There is positional disorder in the Se/S atom on the STF molecules 32, 49 because the position of Se atoms are unsymmetrical in the molecule as shown in Fig.1(b) -ii where the Se atom has greater transfer integrals because of 4d orbital. The positional disorder makes random potential, which also can cause inhomogeneous electron localization. It is noted that an exact diagonalization calculation in the triangular-lattice system with inhomogeneous exchange couplings in the nearest-neighbor interactions shows decrease of 1/T 1 with decreasing temperature which contradicts our results. However, difference of lattice systems should be taken into account since the lattice system of λ-(STF) 2 GaCl 4 is not the ideal triangle.
Another possibility is phase competition. Seo et al., suggested the λ-BETS salts locate near the AF phase and the spin gap phase 50 considering the quantum Monte Carlo simulations for dimerized Heisenberg chains 51, 52 . From our results, increase of 1/T 1 indicates the AF phase is very close, whereas saturating behavior of 1/T 1 at low temperature implies gapless excitation, meaning the end point of the spin gap phase. Saturating behavior of 1/T 1 at low temperature is also observed in other compounds that locate near a QCP such as the Heisenberg ladder Cu 2 (C 5 H 12 N 2 ) 2 Cl 4 53 and the transverse field Ising chain CoNb 2 O 6 54 . Qualitative similarity suggests that phase competition between AF and spin gap phases is possible in λ-(STF) 2 GaCl 4 . To explore possibility of the phase competition more, theoretical studies based on this stripe lattice system are interesting. Currently, we cannot judge which scenario is appropriate to describe the non-magnetic ground state. Therefore, experiments of λ-(ET) 2 GaCl 4 under pressure and detailed band calculations are required to investigate how the magnetic behavior changes with approaching the chemical pressure of λ-(STF) 2 GaCl 4 .
C. Connection between the insulating phase and the superconducting phase
Our results revealed that AF spin fluctuations originating from dimer-Mott localization exist in the insulating phase adjacent to the SC phase. Therefore, it is suggested that AF spin fluctuations are related to the SC paring mechanism. Recently, magnetic properties of λ-(BETS) 2 GaCl 4 in a normal state was investigated by 13 C NMR 55 . AF spin fluctuations develop toward low temperature and are suppressed at 55 K. The authors also found that a Fermi liquid state (1/T 1 T is constant) appears around 30 K where the resistivity shows T 2 behavior, and that further development of AF spin fluctuations below 10 K. They considered that the AF spin fluctuations above 55 K arises from dimer-Mott localization, and the origin of the AF spin fluctuations below 10 K is SDW fluctuations due to nesting effect of the Fermi surface. On the other hand, unconventional superconductivity of κ-(ET) 2 X salts which are situated in the vicinity of an AF Mott state appears when Fermi liquid behavior is realized after suppression of AF spin fluctuations. Here, the rest of weak AF spin fluctuations may glue electrons into SC pairs 27 . Therefore, the additional spin fluctuations veil the fermi liquid state and two kind of spin fluctuations may be related to the SC paring mechanism in λ salts. However, strong AF spin fluctuations emerges below 10 K in λ-(STF) 2 GaCl 4 , which is similar temperature range to that of λ-(BETS) 2 GaCl 4 . Therefore, how the strong AF fluctuations survive or are suppressed by increasing chemical pressure toward λ-(BETS) 2 GaCl 4 is a highly interesting issue.
The big difference of P − T phase diagrams between κ and λ salts is that there is a non-magnetic ordering phase between AF and SC phases in λ salts. Tanaka et al. investigated the magnetic nature of the insulating phase of λ-type BETS salts using the substitution effect of anion molecules. They investigated λ-(BETS) 2 GaBr x Cl 4−x and suggested that the adjacent insulating phase is a nonmagnetic insulating state rather than the AF insulating state 12 . Therefore, the non-magnetic insulating phase adjacent to the SC phase may be intrinsic. It is noted that the substitution of anions can introduce structural disorder in anion layers.
Finally, we mention about possibility of the FFLO state in λ salts 16, 17, 56, 57 . To realize the FFLO state, it is required that the orbital pair breaking effect is weaker than the Pauli paramagnetic effect, that the system is chemically clean 58 , and that spin correlation is AF 59 . As λ salts are the two-dimensional electronic system, the orbital pair breaking effect becomes week when magnetic field is applied for parallel to conducting layers. In principle, organic conductors are considered as a chemically clean system as the electrochemical oxidation method in solution works as refinement process. Indeed, Shubnikov-de Haas oscillation is observed in metallic organic conductors [60] [61] [62] . 13 C NMR experiments reveal the spin fluctuations are AF. These results should support that the emergence of the FFLO state in λ salts.
V. CONCLUSION
We performed site-selective 13 C NMR and resistivity measurements to investigate a non-magnetic insulating phase of λ-(STF) 2 GaCl 4 , which is situated between the AF phase and the SC phase where the lattice system is combination of triangular and square tilings. NMR spectra shows no NMR peak splitting, but linewidth broadening at low temperature. 1/T 1 shows almost constant value at high temperature and enhancement below 10 K due to critical slowing down. 1/T 1 T also shows increase with decreasing temperature, indicating AF spin fluctuations develop. The origin of AF spin fluctuations can be understood by dimer-Mott insulating picture as well as the antiferromagnet λ-(ET) 2 GaCl 4 . These results demonstrated that AF spin fluctuations exist in the insulating phase near the SC phase of the λ salts, which would contribute the SC pairing mechanism. Regardless of the development of AF spin fluctuations, 1/T 1 shows saturating behavior below 3.5 K and no indication of long-range magnetic ordering down to 1.63 K, which is two orders of magnitude less than the exchange interaction J 194 K, where T 1 becomes inhomogeneous. Resistivity can be fit by the soft Hubbard gap model, which is consistent with the inhomogeneous picture. These results suggest that λ-(STF) 2 GaCl 4 is a disordered electronic system and a novel qunatum disordered state is realized. We consider geometrical frustration, disorder, and the QCP between the AF phase and the spin gap phase pictures to describe non-magnetic ground state. This, to our knowledge, first observation of anomalous magnetic behavior near the AF phase in organic conductors opens new perspectives: given the similarities to the QCP rather than other quantum states, further experiments in λ-(ET) 2 GaCl 4 under pressure toward the chemical pressure of λ-(STF) 2 GaCl 4 is clearly called for. Besides, theoretical studies in the stripe lattice system will also help understand the electronic state of the quantum disordered state.
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APPENDIX: CHEMICAL SHIFT TENSOR AND HYPERFINE COUPLING CONSTANT
In general, the NMR shift δ is written as δ = K + σ = Aχ s + σ, where K is the Knight shift, A is the hyperfine coupling constant, χ s is the spin susceptibility, and σ is the chemical shift. The chemical shift tensor for λ salts are calculated in the same manner as Ref 34 using the crystal strucutre of the λ-(BETS) salt 12 and the chemical shift tensor of (ET) +0.563 . Here, we assumed the chemical shift of analog donor molecules is almost the same because the chemical shift depends mainly on the molecular structure. The resulting chemical tensors for two independent molecules are as follows: 
where b is defined as c × a * . σ for θ =45 • and 0 • ([110]) is estimated to be 74.6 ppm and 115.4 ppm, respectively. Here the central C=C bond length of molecule A is shorter than that of B. Figure 9 shows angle dependence of the NMR shift and the hyperfine coupling constant obtanined from the NMR shift at 100 K where we used the averaged chemical shift tensor of the two molecules. We obtained hyperfine coupling constants for θ =45 • and 0 • as A 45 • = 2.1 kOe/µ B and A 0 • = 0.46 kOe/µ B , respectively.
By looking λ salts' crystal shape, it is hard to distinguish a * and b axes.
[110] and [110] directions that correspond to perpendicular and parallel to the wide plane of the crystal shape is easier to distinguish in λ-STF and BETS salts. Noted that the directions are opposite against the crystal shape in λ-(ET) 2 GaCl 4 . 
